Anticipatory motor planning in hemiparetic cerebral palsy by Mutsaarts, M.J.H.






The following full text is a publisher's version.
 
 










































































































































   7 9//	

	




  % 7	"	$				:			
(9	;&
  (  7 <$6# &











































0	         +*-

         +*8
#	B#	3
      ++4
3/B(
/$3
0	&   +.5
	
	$3












% /     	 /	     /	 
	









>	  	    




























>	     			 >	
 	 	 
  7
 	 
  	 	 	   
 	


















 C	    /	
 	/  	
/	  	  	   










     	 














 	    	 	 	 




  1C= 6
 : 2 .**?&  ( 	   >	
	   	 	
  	









  	    	  	
 /  	 	 	 
	        	  >
	   	



















































  	    









(:3+88*D	=/	:1+884& ( 	 	
 > 	   		   	
	    / 	 


 /   
	  	  $    E 9 :
1 +88.&    	     









   C 
 
     








 $  0	 :  .**5D  0
 9 :
F/ +885D  : 1 +88.D  E 1
9 : # +885D # :  +884 +888&  	  	 








	C$  =:7+8A-D +8A8&
 	   	 
	   /C	 C   C
  
   C
    	
 
	 	
 #@  
		
 
 	 	   C

C 
 .**+  C 	 	  G   
  	
	
	 	 G  	
   

   /  $
6/1:E&  			 /
C			

	 	 	 		  C
 
	 	












	  		 

















	 	    	    	   
  
		 	  
 $
















 	 	  	







































     	  	 



















		  		 $	& 	 
 >
   
) 	 

	 $C	&  	/  





	  	 

		









   

  	       

	 	  	   
   	












9 	 C 	 	    
   
	
		









	 	   	  C
   $1 :  +88.&  

 	   	  		
   	     
 >  	
  
 			
 $  &
	










 @	  
	  	 
 $   9/ % :
=	.**.& #			
	
 	  
    











	 6D 1 .***D 1  <
7		





	 	  >	   		   /  / 	


  	  	  ( 	  	  
		 	  


 / 	 	 	  
 	 	
	 
	 	 	 	  








	  	  			  
>  	    $   &  (  	  








 			  =	  	 	  	 
   










     




	 	  /     
     	   


























	    	










H 	    
	    C	   
	 
		  
  	  	   	 		 	  
   I  (  		 	  			    


	 	    
@		  		 

   			
$9> <	  F	 :  .**-&  (    	
			 	 	  	"   	


















    

	  	
















     '	
)  #
  	 	
  	
  
 	  	     	  	  	 
 	 		  	       	    
	 
  	 


















(  	 			   >




	      	 
		
	   































  I $F













 		 	   











































































































		 	 	 	 








	     	 
 .   	  
   
			 














 	 	 

	 	   	
	   	 	 
	
  			  =  





   	 


















 	 	   >	  




  	 	  
   	 












     
 	








  / 

	  		  	 >	    
	











>	  @	    	
















  	 >	   
 	






	 	    
	

















 /   
 / 	     
   7
 
		   	
	 	 	
	  	   			 	 7 
/ 























 	  		 	  	 
   	
	  	 	
	
	 	    	 
 5 	
	  	   
>







     	 		









   	
	   >  =	 
>	C		 	
	 
9 	   		 
     >	  
  	

 	  
   >
	   
> 
































	   	   ,*N  +.*N 	  	  





( 	       	
	 	 7      
 
	$  &	



















  	  		
 	
 	 	




	 	  7 $	 	 &  6  		 
	
	  	 		 	  	  	 



















  	  	 	
   $	 	    &  	
	 		    
	  	   	
	 	 	
7 	  6 		 	 
   	
	 	  7  

 
=	 		   	   	 		    >	
	 	 	  >  		   		  	 	  



































	 	  				  	 
	 	   	    
 	 	 	





	 / 	  			 	 

    
@
  	   % >	  		












 	    	     
/CC  /   
  
 	  
	" 5C3 	C
















	 $<E&		  	 	
>	$EF&			
 	     
	    	 
	  
	 	    
  /     	 
	  7 
		
 	
	 $E  F& 	  	  	
   / 
    / 

	      		
 	
	
/ 	 			 	 











66 #9 :6/ < 1  $.**?& (		 
	  >






















































 		 	  



















6/ .**5&  9      	  >
	 
   	 	 	"   

		
























		  / 
     $   9
6
F:#+88?DF




 		         C
     	 








     	 	  	





   @   	 











   			 	  	 	  






   	 					
      	
			  %  
	  /   	     

	
	   	  
	 	  	   



























: 6 +884D 6	/ F	 6
2"	 : ( +88*D 6	 +884D
	 =/ 	 : 1 +884&   










 	  
 









































	     	















    










	     
  	  
  	 	
  	 
 

 	 @ 















   	  	   	 	    %














































	  	 	  
  / 	  	
  
 	 	    
	  	>			     
	 $
   0
 9 : F/ +885D  
1 +88.D  E 1 9 : # +885D # 












	   	  	  	   %
 >
   	 	   	
	    
  
	 	    
  
	  	 	>  >			  
	 
>  >		  


















C		$  :1+88.D 








































	   	  		
 	









C		 /   









%  	 	
		      >






 >	    6	/ 6













	      
	  	
 	 	  

			  6	/  $+88*& 
   / 	   

 	   











	  	 
		 @	  		  
 
  	 	 
     	
	  >
	  










	  /   		 	 / 














   	    C	 	
 	  		 
 
    	
 	  >	  $  
  /&  
  	  $     	& 	 
>
	  		  $(





>		   
















 	    		     /   	
	    	
 	    	  9  
		     
		   >	    C	
	
 	  		   
   	 	 	
  




























	 $  .. -   5 , & 	
	  





































































































 1 +	! '	






 0	  * ) 0
!	
*		

































 >	     
	 		  >	   
  $		 +8,A&   9>  9
/  $6	" +8A-& 
		 

	   	
	 	  C





    
	
	   854   84,     	  
	
$6	"+8A-& %					/		
 >	   /	  	     /  =  (
#
  #	








































 * + $*
,	
-	.   
00 --.-66 5.-3. ;-66
>>(	
	 5;35 65?? ;665
#
-'	#.   
@ 
	 77 77 ;7
@ 
		
 77 77 -7
+ 77 -7 --
+	
 -7 -7 -7




" -7787 .787 --3A3
@ 





" 8787 8787 8783
@ 
	
	" .3.7 ?3.7 ?3?3
+

" -37-33 -33-37 -?7-33




" -83-83 -.7-87 -83-83
+	
	" -87-83 -.3-87 -33-87
,!!		!-	. 
@ 
	 ;7-7 ;7-3 ;3;3
@ 
	
 3-7 -3-7 -3;7
+ -73 -3-3 -73
+	
 37 37 673
	 ,
!  	 "
  	 	 




















	  >>( 	
	   (
 	

























:")  	 !	!  	  	  	 		











  	  	 	  	
! "   	 		  	 	"!  
























































 	 +5, 
 	   A* 








$	    		 >C>	&          .+ 













   	  ? 
  










/	  $!/ 5*.*& 






























   
   	






















       	 

  
  	 	  ( 
		   

















/ 	 	 
    
 	































	 $	   
		   	  











  %		  /  
/ 	 	
	   	 	
	  	
	
	    	
	   	     (  

    >	 / >	     
  

     		
 	




	      
 >	 	























































































    	






















 	    	
	 $   * AD + 4 





     	  	
		



































































































































































































































































































































































   ( #
  #	
	  ( 	 
   . /	  
   














	 	   	   	  	
  	 
 

	    >	   	 $( .J 
 	
  








 F   	 	  	
 
  	










$	  .- &   	 	 	






























    /  $	   		   	  
&   		  
 		 	










0 1 	 '  2 !  
	 	
-	3.
  5  	








	 E  F   	




	  ( >
  	"   	 	   		

	


































 "   












	 	 	  		 
		  	 	   			








	  3   
  	
 	     >	 
	


















  !  "	 	 	 "#!!! $! %"
 $&   '#	( )
		%)&	"			!

  #0 2 4 2























































































 	 	 	  	 
		 
   	 
		 $+*& Q





	 	 	 
		
   	
		 $+5+&Q5 8.R  **+
$+5.& Q 4 -?  R  **+ 
	  = 		
 	
	 <E  
 	








  	  
 /  		     

  	  / 	  

 	 	  	 
		  	 
	 
		 	  '	
) 
 	
	 $+*& Q ? -A  Q  **+  
		
 	
	 E  F $+5+& Q ,  R  **+  $+5.& Q A -A  R  **+

	   
  		
 	
	 <E  













  #0 2 4 2
2 #


















































( 	 !  	 5   '	 '  
	4
 =	 -  	
C $&   		 $
	
& 	 


































	  	 	 
	   	
 	 




 	  		  (  		     		
 	
	
E  F  =  	
	  
		   	 	  	  
7   	
	  	 










	 E  F  =	 
		
 	
	 <E 	  	























 #  
 











!  	 
" 
	


















+ . 5 ? - , 4

































































  E F <E
 	  	  	  	 
%	7  88 R **+  8A  **5  8+  *+  ?, 
07 C *+ 
  .- 
  *- 
  .4 



















































































































































































































































































































































































































= 			 	 		
 
     	  
 
   /   $   	
 +8-+&  		   

			>		>	$  #E	7
 : 7	 +88A&  7
  	  
	 	 
 	  >	C	
	
	   	  	C 	
	  (   	     
>	   
	 	
  
 	 $(		 9




























	  3	  	 	>	  	

	  	  	
	 	 	
 		 	  









   	     /  @	   	
	    


 /   	 	     
	
	"	     	  >
	   	  
7 	     	    	>			 	 	 	
	   
	 	"	 	  >
	  	  	
	 
  /    
 







	 	 		 		 
'
 /) 	 >
  











	 >	 	  >			 	 	








	  >	    >
	    
 
 	
	  $	&  























  $7& 	 	  
	   	      @	   	  7
	
	   		  	
	  
	 




























    		  	





















 	  7 	
	   	 










































  @ 
	      	  


































    			 $ 	
  			 		  #




















	 	 /		  	 $	
// +84,D 3@ 
E #V	  : !		 .**5&  3/		 	 
 	 		
	 
		 	 	    	 	 

	"   




		 	   
>    	   		 C	  
	   
	
	 
 		 	   









	 	  (  		     
	  
$%%:#.**-D+88.+885D:#+88A&
 	  
	 $	  6/ # : 7	 .**.&
		 










 	 		 	 7  		    
 	   $6 # : 9//	 .**-D 6
# : 6/ .**?D # 6/ :  .**?D




U      	 
  
> $
 		 	    
>& 
			$	""	=	:<.**.& 
   











	  		  @




		   '	) 	    	 







6  $.**?&  				7
 	
	 	  	  
















  	   	 







	 	 / 	   	   	

























  	   
 	  












  7 	

















( 	 	 		
  	
	 	 7    
	
	 	  @	 	    		  	 
   	
	 	#7	 $.***&#
  $.**?&   	
	 	 7   









   	 @






C   	 	   	
>	   	













 4 	 	 	


















     










   		 	 	  	









	 	  	 














	 	     
	    	
  		  9>  9









 ( < (# 0 = 9	 9   ( 93 6 E  #	 E
  
<! +, 6 7  + .. ?+ +*+ +5 ++ , ++ 4? , , , -  
< +4 = 7  55 58 -? ,A 4 , ? ? ,+ . ? . - ,+
7 +A = 7  A ?. -+ 48 8 ? + +? 44 8 , 4 ? 4-
F +- 6 F7  ? 5? ,, ++. ++ +* 8 +4 +*4 +5 +- +* 4 +++
<F +4 6 F7  8 .* ?, +*5 8 +. 8 +. 44 A ++ . ?  
6 +, = 7  .5 5* 54 ,* 5 ? . , -4 ? + 5 5 -,
9 +8 6 F7  8 .+ ,, -, , . 4 4 ,. , , 5 - 4+
6# +A = 7  * +8 --                      
1 +4 = 7  A ?- ,5 ,. 4 , ? ? 4+ - +* - - ,?
76 +4 6 F7  +5 8 -A -A + + 4 ? -? - . + + -.
 +A = 7  +* .+ ?A -A - + + 4 ,, - A + ? -8
!





























      3




	 G 	 $%#CD %
 +84?& $   +&  #	





	        
 















 	 	  







































         ! 	   


















  	 	
 >	 	  		 	
	  ( 














































   		,	
	
		 $=	. & 
= 
 	      	  















  >	  
























    
 
		 	
	  /    > 	


















 > +A*M    
	  	  5  	   
		 ,       		 5  ( 








.&  /  	
	  	  	  	  


























$  	  ,*M&   G 















 >	     	  
   	> 	   > 
	
	  5- 	 	 	 >	 	  4 	
	 S -
	













% 	   		 +  -  ( 	 >	   	   	 




































































































 $  .&  !   
   	












 >>#< >>#< 9

9
 773 ;5; -
0H -.? 75A 368
0		 6-. 76. .8;D
0	 	 -?3 --? 58?
>(,
 6;3 6?; ;36
/
 777 7?8 ?5.D
2H ;87 -3; .A3D
	 756 ;57 ...D
1	
 -36 6AA ?67
2! ?6?D ;6; .?6D

 3?5 36; 35;






















































































 		 	>	  
     	
       	












J +   , &  <	  $- &  	  
		$&$&		
				
7    















   	  			   7  $X
.
$?& Q
.8 -8 R* **+&     
  $X
.




   	    7   































































































?7 -;7 -87 ?7 -;7 -87
- - 3 6;   
; 5; 56 ;-   -
6 -; . ;D   
-  ; 5?   
; 6. 3- A   ;
6 -A 6    
-  ; 68   
; ;? 37 -.   
6 ;? 6  -7 5 -D
5    55 5A 63
6
3    - 6 -A
6    -  
5    36 37 ;?5
3    - 3 ;A
6    5 ; ;D
5    5A 5? ;83





















+ .* .+ .-   
. +4 .. .*   
5 +5 8 8S   
+
? 5 .    
+ + 5 8   
. ?+ 5A 54   
5 +. +? AS   
.
? +  +S   
+ . ? +*   
. 8 +? .* 5  .S
5 ?+ 5* .5S ?. 5+ .-S
? 5 4 +S +* .5 .*
5
-   +S  + A
5    +- +. +*S
?    58 ?+ 54?
-    . 5 4
.    . 5 5S
5    +A 8 4S
?    +. +8 ..
-














	  $		 + . ?  -&  	 	 	 	
    	 
		5')		$	>	& (				

 	  			  >	   
 	  	 





















 +     / 	    >	  

   
		
  $9>  9
/  
  




  	 G 	D %




 # / 
	 
	





     %  			
 	 
	  =	 
6" =	  	
 	 =	  	  =	 
E
 








































































         =	  >	  7
			   		  	
	  
	 
C   
   
	 @
 $>	 &  	  	  #
  >	
      	
 	 / 
> 		 	 
  /
$>	 &   /  	 	 
    	































































	   7 	
	    
   	  		

	
	 	  	 7 	
	   
 	 










 			 	 7   	
	 	      
'	) 	     













   	
	 	 


















		 / 	 		   				
7       
  	 
   
	 	
	  	 	 	 
   			
 	 
	
    	 C 	
    	 		
   	
	
	 	
	 C   










	  	   

    "  @   
  7

















  	 
	  			  	 	 































      	 	 
>
$3
    +88?D 2 3	<	  : ( +88AD F    +88?D
F7	<
/:F		+88,D +88-D:
=> +88AD     +885D #    +88-D % %	 : 9Y
 .**5& 
	   	  
> $<	 2 2 : 
CF .***D





	  	      	
		$+884& 
		
1  < 7		
 <""	  7	" $.**.&  	 	 	 	
























	    	
 	   	  	 $	    
	  	
  & 	 
 		  
	 
	
			 	  6F  $.**?&

 











 	  $=#&  0>




  	 	 	 =# 7  6
  	   	 /  =# 	
	 
   	






	   	   7
   

	    	  
		      	 	   	   	 	
	
	 	














    	 
	
  	 
	   	
 	 / 
>
		  0
  / 
>   /		







  	 
  	
















		7 	C 	 	
	   6 	   	    


























		   	













 	 	   
    / 
















	 	  	  7 	




   		    	 	    
  

   	    
  	    / 	  7
 	





















    / 	   %#C  	
 	
	  E






	 	    
  
/  
	   	
	 
		
	 	 	   	
	    	 >	  
	
	 
















	  	 	 







   	  
 
    	
	 	 




































  L   7 	






















 	 		  	  	   
   > 9






























 / 	       	  >	 
 7 	
	
  > 	 
    	   / 	   		  
6        















+8,, +8,, +8,4 +8,A& 	   @   	
 
			    






















    	 7 	
	  
 	








	   7 	































	 	  >	 	 	   
> 
 		 / 	
			 	 7		
   $7&  
		"	   
>	 
   	  @
  	
	     > /
						
	





/	   7
	
	   	
	  
   	 	  
 7  /
	  
	  
 	 	 





	 			   	   	 
	   

















































































6/ .**?D #    .**?D # : 2   .**?&




	  	    
		
 	     	

 	
	 	  (	
	 	 		  
  
		 	 
 		  / 	 

    





    / 	
	 	 7  
 	



















































/   	 	     
























  		 		
 	  	
   			   
		
 			  
  
    	    / $	"  	  >&











0	 :  .**5D  0
    +885D  :











 	  	  	  'CC)
	 $ 













	 	)&  @	
/  	   	 

$
		 &  @  	  
























2   .**?& 	   
 	 	 	    >
	  
@
$	  	& 
  	 	  >	   	
	 	 	

 	  	   
		
 	  			 
	 	













/   	  >
	 
    
	 	 	   	
	  	   7   $+8,*&     
	   
 $  	  		 +88.&   
 

2   	    

   $	   @
 & 
    	 $# 6 2 : %	 +84AD
E+88?DE:0	/.**5& 
     	  
>	     $	  

/& 	    =	  C	






     
> 	 
   
 		  














6    $	&  		" 	 C 
  	 	
   7 	
	 	    	
	  
 
   7
  	
  			 





















 	 	 
9    	









 	  			 













    
   7 	
	  	




















   	
   7 	













 	     











  $	   		  	 		 &    
 	 
 	 	   	   @














  	  @














   +8 5  #3 + ? & 	






				$  # 
.**?&     >		"  
   7 	










   	  		
 	


















	 	     
	    	  
		  9>  9












  7 	






	 	  	 




	   	 


 	  	













:0   0 : 
9  -8 57 ;? 4	:0
1@  9 -8 ;A -; 4	:0
:9 9 -A 57 6- 4	:0
4$  -6 53 -; 4	:0
1 9 -A 3? ;3 4	:0
* 9 -8 3? 37 4	:0
,2 9 -? 36 53 4	:0
	
     









































 >	 	  		 	























































  >	 
	   	 
		 $  &   






$	& 	 $	 	 & 	       >  >  	> F03
	    	  +***  $		 
&  	 






























 	  		   	 




































	   $ =	 .&  F03.  	 ,*N  +.*N  





/  	   	 
 	  	  

 	 F03+  >      >   		 

 	 F03.  = > 	  		  F03+  5   		 












        	 
		  




























F03+  F03. S . 	
	  %		 
 







 	  / 
 	      >	










	   	  	  	  	  ,*M  A*M 
	
 	  8  .. 





		 + . 5 ?  - 
	 $ =	 +&   	
	   
	

	  			"  	  	 	      	 



























































































































 F03 		 $+J-& (  	 $,*N  +.*N& 
#@













 9  7 	
	   
 	





	  	 /   
 	





	 	B 	$		   	
 		C
  		     	C









































































































 	   +  			
   F03 		 5   F03
		+-$Q **8Q *.
	& (+F03		+











    7 	










   

















       
	   	 	 

	
	 	  +   	 =	 5  	    
>
 
	    
 	    		
 	




	 $=R+&  	   		      + 
>	  	 
  F03 		  6 $=$?8&Q4 *, Q **4 #
$






















	 $=$++.&Q? ?4 Q *-, #
$












 0		 4+,- 4+,; 4+,6 4+,5 4+,3
- 5-AA; 5;88. 63?56 6?-5; 57;.8
; 5?53- 56?6A 568?; 5.566 58;5?
6 5373? 6AA?- 6AA5? 5;76; 5378A
5 56.-A5 568-7A 6.586 5.--7- 6?;35
3 6A-?6 6?857 6..67 5-;.6 5;.58
? 357?3 5A637 55335 367?7 3.7A7
. 6A857 685.. 56-?. 683?5 556--6
:0
'" 55637 5;-5; 57663 56338 553??
- 6.?58 67.;. 6-.5. 66733 6.7;.
; 6.;68 65863 63767 6;?67 655-8
6 65-6. ;86;5 ;AA5A ;A?;8 ;A;;A
5 56856 5;858 6AA5A 6A;;; 53683
3 6?.;A 65-55 6755; 65A3? 63A6?
? 66?55 6;8;5 6685- 666;; 63.3;
. 56;56 576;A 68563 57867 5;-;6
	










& 	 	 
		     	
 	 =	 ?   	 	 	

	




















 <S(  	 	

































   	 	






 	     	 $%$+,&Q, 5+ Q *?
 #
$









 6  .  			































   

 	 	 
		    
  
 




























































F03+Q5&  	 	 	 











+  	     		



















%  >	  
  #@










#C 	     



















   #@
 F $		






























































  % 	
  			 
	 	    
 	
      			 
	 	     

 $	  5&  
 	   
  $	
+ -&  	
		
 




	   
















   
	  @	  	   
 			
	 	   	 6 	  7
	
	  
    	  	 	    
 @










  			 
	 	   	  









   	 	
 		












  	 		 	  




	   	 
 	    	






     












 F03 $	 
 



















	     
	   









 	 			 	 7  %    / 	
  
		   











  	  7 	


















   
   






	   















     
  	 













 @	      	



















  / 











3 +888D # : 2   .**?&    	  0	    7
	
	  /    @ 






   
 7 			 	 	 $>
	& 	 













.**5&  #@		    	 	 
		 $7  :







     	 	   @
 	 	

	    
    

		

















 	 	         	 
	
	  	







 @	  
	  	 
  
		 	  	
	  $   9/ %  : =	 .**.&  (  7 	
	 	 




 $	"  	
 		 

	 	   
	  
   	 &   


















>	  	 	
	 	 
  	" 
    
   		   C
  









 		    			 
/  	
	 










 	 		 	

	B		" 	
 	 	  
>  @

























   C	
 














  / 
> $  	&  
  	   
	
 C	 
   















  / 
>   
   	 $  	 
	 	 
 	 
	 	 &  =  
  






	    
  C	 




















 	  @
 	 	 
	  $	 	 
 	& 
	
   
    	  
 






















	 		 		  	
 	 'F(<0)  '#6(FF)  	 / 	
  			 
    $	 &  	 
 




	&      
	
		   	C
    	 	 7 	
	 
 	 	   >














































	  	 	














	  	  		
 
  	  	
	 
	
  /  	    	  	 	

















































		   






	"     





 	  






 	 		 	
	 	 	
 7		
  $7D   
			 	   &  	
	 	 	
	     6

		
 	 /  	 
> 
	 @









 $ # : 6/ .**,&  	  	 >	
$& 
#    $.**?& 	  







	 	 7 $ 	 &  	  	 
 	 7
	




7 	  
  			 	       / 	  
 	
 $	   C 
 
D   7  :  +88,D
 +88*DE19:#+885& (
 





	 $6    .**?D .**,&  	 	
	 	 	 7 
#	 	
 	 	
	 	 	  $#
 2  :
	 .**+& 	  		
 / $ 	> %   :













    	 $6& 	    
	   
	
 	  >
	   $    +884D 1 +88?



















































	 		 	 	  /     






	  	 $  &   





	 $9> 1C= : 9C% 		 .**-& 
=	 	   	 
	 	















   
	 $	 ( : !		 .**-&  9  
		     	
	 	 	









	 	   	 		
 &  	
$ 	 /&  #
		
   	






 6 / 	







 	  	 









	" 6 	 	
 		 	 	






= "	 6 			  	 
 	  
	 	 $&   % 
  
/  	 	
 	 
	 	   
























 /    	  	
 	













(   +8 
 	 	












D 	 7&  A 	
	 	 	  	
 		 $	 	
D  7&  (   	 	





























































































O  -5  38  





















































  		 		  			   	 
 + 	 		 		   	






7       3









   	     		
  
























   > 
		   






 +4 & 
   
       




















   	 	 	   	   E	
   	
	 
 	    




	 		  =  	


























































 	  	  / 
   	  . 











	  &  F	/	          	  
	
     $	  	  &   













 	 	 
/   


















  	  	



















  	 	 




















	  (    % 	






  (     *-     		






   LC





























   C
    	 











#.Q .?&    	
	 	 	 7    	 	










    C       			
  








































































































































































































  	 G 	   	
 
	


















 	  		    

		   	


















9   	  6  $6 &   
		
  	 	
	
	 	
 	 /   		 	 			 	 	 7 $6   




	  7    









	  	  
	 	 	
 	 	 


 	  	 
 	 
 /   
  	 	
 	 







	 	 	 7 $   	
	 	  7&  






( 	 >	   




















	 	 	   7    





    		    	


   	
	 	 7   			
 
 	  L
	  
/  		   











   6 /U     	  	 % 	   
$.**?& 	  
 
   6 / 	 
	 	 

		 	 $33&  #
		
  33 
	     	
	
 	 
	 	   




 % 	  33
			C	
 










































	 			 	 	 7     6    $.**? .**,& 	  
#    $.*** .**?& 	 	
	 	 	 7   
 
 
 	  	 			 	   7 	 	  	
	





   





   		  /   	
	
 		 C
    
@
   			 	 














    $+	
 
 
 	, 1 .***D  
 .**5&  # 	  
C 
@
   			 	 








  	 
	
  










	  	    		   

 6  

	  	  		 	  	 







	 	  7   	













   %  	  	 
  
   	

















 $	 	 
& /	) 	 $3	 3
 9
" : 1 +88-&      		   	 
	     
 	  
   C
    
















		  1    $.**.& 
   '		









	  	 	 >	   	  	  '		





	 	  7    '		




















%  	  
 




































 (	 	 	


 	  	
 
 	     
	
		  7  	 	   

   	 	 	
	"  	   	 	 /	 	 











:  .**5D  0
 9 F/ +885D  :
1 +88.D  E 1 9 : # +885D # :
 +884 +888&   C 
 
 	  








  9 	 
  C 
 
 			     
		







     		 C 
 	   
  































	 		  	 >	 	    	





$	 	 & 	  	 			 




	  9  	 	    >	 	 	
	 
   	 
 . 	  	 	   	
   





     @ 
  	




 	    	     





	 	 7   
	
  	 		   	 
 	
	  	
		  / 
	   	 $
 		  /
&  	  	 
   
 	

















	  	  			 	 7   




















	  / 	 

   
  
		





	    	
	  
  






	     	




		   
 
 	















     	 
 ?     >	  		 
 
	
	  	     	 		 >	 C 

	 	 
 5     		





		     





  		 
     >	  		 





  >   	 	 






/	   		   	
	 	 7 	  

 	 	 
     




	   ,*N  +.*N 	 
		  	  














	   
	 (













  	   	    	   
  	 
 -    	  	    
	
	  	 	
	  			 	 7 	 
  		 	








	    	
     	 /   
		
 		 	  	  	
	 	 	 7   
	
	 	  7  7







	  >	 	 





	  	 





   	  	  			 	 7 	
    	
			
	























































FF :# $+88?& #	
	  1 <6  9 6 6
6	:
 3 % $0 &("
/$ +,+C+4.& 0	J
	F		 



























% 		:% 	/	 







9 3    (" #    F	   6  #


















9(  ] 
6 <"C1	"  <













9> F  1 1C= #  7  : 9C% 		 6  $.**-&  3	




































		   %   $+88.&  +88+   7  6
 
 F
















 #  6  :    (  $+88A&  <	 	 
	 	  	 





































3	   3



















3@ 1   1  F  E  ^ #V	 <   <  : !		 0  $.**5&  	
 		 >	  
	
	 



















0	 (    : < (  6  $.***&  	 
 
		 	 



































0	 F  0  :  3  (  $.**5&  0  














$ 8,-C84?& 6 
=   $+8A4&   
   @			 

































<	 <  2 1    2 #  6  : 






















































 J    



















































72   ^0	 F 6(  3	# :# 6 $.**?& 6@

>	
 	  












7	 3  F  : 7 2   ^ $+88.&  6 @







7	 6 :% 3 6 $+88A& #	C			 ("
8!)4A*C
4A? 

















































































+?$ +-5C.,A& 0J7	1 
















































1 #  7   6  < #    7		
 7  <""	 6  #  : 7	" 7  1  $.**.&  #
	

		   	 
	
	 	 		
	 		 	 ("
 3 +,85C
+4*? 
1 #  7  # <  : #/	 (  #  $.**.&  
  	 	 
	












1C= #  7  6
 6  0  : 2   $.**?&  










2 6  $+88.&  !		"	  	 	  /  	  
  
	





 $  A.+CA?8& 
	6 (J6 
2 6  $+88,&  
 	 	  J 6			"	 	
	  









2 1  (  #  9
 1  1  : 6   $+88?&  6	
		  	




































2F ( #	9  :#	1 # $.**?&  5
@
88+,+8C+,5+ 






   6  <""	 $0 &5
1

" $  84-C8A-& 
6 































F%  3 7	 <






































F	 6  =  $+88,&  	 




F	 1    $.**5&   


























F	 %   1  $+A,+&  !  	
   		 		























6	/ < F	1 F 6































6/ < 1 ( 1 %  6 #
		1 1 :3 (  $+88,& #	
#@















 F  %   ( 0   7 9  2 2  : E	
/	
 6  E  $+88.&   







6 6  # 9  : 9//	 7  $.**-&  (	




























   7   : /"	/	 #  $.**,&   
		 		  







































F 6 =>  31 7 < 7	


































6  E 3	6  0 9	 ]		    $+88,& 	
   
> 
		 	  























	   6  (  $+8,4&  	  














































  3  # 9  : 6/   <  1  $.**?&  / 

















 3  (  0

















 3  (  F/ F  3  6/   <  1  E 1  : 0






/= 97 1 E1 #1 3 :16 1 $+88*& 	
 
	 













3 ( E1 97 1 :16 1 $+88.& 	
	J
#
	  	  










 3  (  E 1  1 6  1  9 7  1  : # 0  $+885&    



















A*5CA.*& 	6(J6  
	  ^ 6
/   : 
























































# 6  %   :  1  7  $+888&  






































#9 :6/ < 1 $.**5& #	C		
  	 	  
	 	 	





























































#2 6 =	/<  	 0 #		3 C9( ! =	 3   
$+88-&  =











































/	   3  : 	/ 3  1  $.**5&  7		


























































































 0 $+8-+& 	
					 
3)??5C?A* 








































E 6  1  6  % 	/ (  : E (  $.**.&  0

































% 	 7 3 9	//	= #
	"( =7 1 :77 $.**+& 6			
	 	 	 	J 	















 (  $.**+&  6 





%    % 	   : 9Y
   $.**5&   




%  3  6  : <	 ]  $.***&  	 	






%     ^    (  F	 2  : 	

















%    ^ ( F	2 :	















%     ^    ( : F	 2  $+88?&   		  



















































    7  6   















   		   %      /    	 

/ "     
   	/    		













/	 / a  /"   	 





  	  	 >	 	      7 
	
 	 "





)  3	 	      





















  	"    /"    7 
	     	/  	"	   >	






  >	 
 	 / - 	    	

	 "
 "   /	/ 	  
	 7			//"			











	 / /"  !   
  	
  "	   	
 /	 
	 
 	  /"      	   7  
  3" 			    /   '	
)

 $ 	    ++ 
&  3 
 	/  	/ 




    a  /  /	"  VV  
	/   !  
  /   /"     /
"/
		 3	
"	   	   7    	   /"
/"  ]	   	 
    
		/ 	

/	   3    	  / VV   
>		"/	/		













 	 	  	      >	 
"
     7 /	 
C	




  	 	 
		 	








/    	
	
 /	   			 " 	  +A*M

















    "	   "/  3" 	    	   / 
E
/		/" E




   /  	
 "	 	 
>		
	/7/" 
  >	 
 	   	    	

	 	  
> 
C		/ "
  ! " 	 

  	"	
  /	 	  	











"/ "	   /








  3  


















	  9	  	
 " 






     7      







  	  /		
 
 	 	  
  	
 	  !








&  3" 
		
	 	   		  #
6/   $.**?& 	  




	   
 7  /	   ("	   	 	
/ . 5  ? "/	/   




 	 "/	" 	+8
7 
  A  	/ 7  ++  
 7  3" 
	
	    8 	
 " 
 /  
	 / 





3   






		  	;	   	     	/ 7  

  	 "	  <

   /   /	 	
	
 	 	  	  















3 /	 	     	    	   

7 	   
   $& 	/ 	/  "	  
/	 	    	
 	  3" /	  	 
	
   /   	 	



















	B	"/B 	 "  	  	  	/
  9	 	  	  '/) " 	/  
	




7 	  /  	 	C
  
    
3  		  

	 	"  
	
















 	      	    	 	 		
 /   	  			 	//	  		
 	/  	/  
		







   	 	
 















		  	 	;  >	 	  	





	 	//  	///

 	 " 	  	/ 


















































Over de auteur/About the author 
 
Marcel Mutsaarts werd op 21 januari 1976 geboren in Dommelen, gemeente Valkenswaart. 
Na het vwo aan het Merletcollege in Cuijk te hebben doorlopen, begon hij in 1995 aan de 
studie psychologie aan de Radboud Universiteit Nijmegen (RUN). Hij koos de afstudeer-
richting psychologische functieleer (nu cognitieve psychologie geheten) en studeerde in de 
zomer van 2000 af op een psychomotorisch onderzoek naar de vorm van de haptische ruimte 
bij grijpbewegingen. In april 2001 ging hij aan de slag als junioronderzoeker bij het Nijmeegs 
Instituut voor Cognitie en Informatie (NICI). Dit promotieproject, getiteld ‘Adaptation in 
movement disorder’ stond onder begeleiding van Dr. Bert Steenbergen, Dr. Ruud 
Meulenbroek en Prof. Dr. Harold Bekkering. Het proefschrift dat voor u ligt is het resultaat 
van het werk dat hij verricht heeft in de 5 jaar tot aan april 2006. Naast zijn primaire werk-
zaamheden als onderzoeker, heeft Marcel zich gedurende de periode als junioronderzoeker 
bekwaamd in het organiseren, ontwikkelen en uitvoeren van onderwijs, wat in 2006 geleid 
heeft tot de certificering basiskwalificatie docent hoger onderwijs. Al snel na het aflopen van 
zijn contract bij het NICI is hij gaan werken als docent theorie aan de Creatieve Therapie 
Opleiding (CTO) van de Hogeschool van Arnhem en Nijmegen (HAN). Deze functie heeft hij 
van september 2006 tot september 2007 gecombineerd met een docentschap psychologie aan 
de RUN. Vanaf september 2007 werkt Marcel volledig als docent CTO op de HAN. 
 
Marcel Mutsaarts was born on January 21st 1976 in Dommelen. In 1995 he commenced a 
psychology degree at the Radboud University Nijmegen (RUN). Marcel chose cognitive 
psychology as his main subject and graduated in the summer of 2000 with a psychomotor 
study on the shape of haptic space in grasping movements. In April 2001 he began his PhD-
project, entitled ‘Adaptation in movement disorder’, at the Nijmegen Institute for Cognition 
and Information (NICI), under supervision of Dr. Bert Steenbergen, Dr. Ruud Meulenbroek, 
and Prof. Dr. Harold Bekkering. This thesis is the results of research Marcel performed during 
the five years of his PhD-project. In addition to his primary work as a researcher, he followed 
a teachers program that resulted in a teaching certificate in 2006. On completion of his PhD-
contract, Marcel began working as a teacher at the school of art therapy, at the Hogeschool of 
Arnhem and Nijmegen (HAN). He combined this position with a position of psychology 
teacher at the RUN. Marcel obtained a full teaching position at the HAN, starting September 
2007. 
